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Motion In A Plane

Scalar quantities: These are the physical quantities that are not affected by the change in
the coordinate systems used to define them. They do not have any direction. Example:
Speed, charge, temperature, etc.

Vector quantities: These are physical quantities that have both direction and magnitude.

They change with change in the coordinate systems used to define them. Example:
Displacement, velocity, etc.

Position vector: Position vector of a point in a coordinate system is the straight line that
joins the origin and the point.

Displacement Vector: Itis the straightline that joins the initial and the final position.

Equality of Vectors: Two vectors are said to be equal only if they have the same magnitude
and the same direction.

Negative vector: Negative vector is a vector whose magnitude is the same as that of a
given vector, but whose direction is opposite to that of the given vector.

Zero vector: Zero vector is a vector whose magnitude is zero and have an arbitrary
direction.

Resultant vector: The resultant vector of two or more vectors is the vector which
produces the same effect as produced by the individual vectors together.

Multiplication of Vectors by Real Numbers

Multiplication of a vector with a positive number k only changes the magnitude of the
vector keeping its direction unchanged.

Multiplication of a vector with a negative number -k changes the magnitude and direction
of the vector.

Addition of vectors:

Head-to-tail/ triangle method
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e Parallelogram method

Vector addition follows commutative and associative laws:

A—+B—=B—+A— [Commutative]
A—+B—+C—>=A—+B—+C— [Associative]

Subtraction of vector:

A—-B—=A—+-B—

Polygon law of vector addition:

According to this law, if a number of vectors acting in a plane are represented in
magnitudes and directions by the sides of an open polygon taken in order, then resultant
vector is represented in magnitude and direction by the closing side of the polygon taken in
the opposite order. The direction of the resultant vector is from the starting point of the

first vector to the end point of the last vector.

Resultant of two vectors
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r-=a-+bh-
Law of cosines

r—=a—-+b-+2a

agnit ng the ector.

The same p y -axis, Y-axis,

Scalar product of

A B=ABcoso

=

o The result of the scalar product of two vectors is a scalar quantity.
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e« When two vectors are parallel their scalar product is equal to the product of their
magnitudes.

¢« When two vectors are perpendicular their scalar product is equal to zero.
¢ Properties of Scalar Product of two vectors

o Scalar product of two vectors is commutative, i.e,,

o Scalar product is distributive, i.e.,
AB+C)=AB+AC
e Scalar product of a vector with itself gives the square of its magnitude.

e Dot Product of two vectors A and B in Cartesian Coordinates is

AB=AB,+A B, +AB,

The magnitude of the vector product of two vectors A and B is defined as the product of

the magnitude of the vectors A and B and sine of the smaller angle between them.

— - -

A I3

A

A xB = ABsind#

The cross product of the two vectors is at right angles to both the vectors and points in the
direction in which a right-handed screw will advance.

Properties of vector product:

The cross product of a vector with itself is a null vector.

The cross product of two vectors does not obey commutative law. That is,

AxB=zBxA
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o The cross product of vectors obeys the distributive law. That is,

AxB+C)=AxB+AxC

e Ifthe vectors A— and B— represent the two adjacent sides of a parallelogram, the
magnitude of cross product of A— and B— will represent the area of the parallelogram.

¢ a—=vV'—=-v—oAt=Av—AtDisplacement vector can be written as

Ar—=r'o-ro=x'-xi*+y'-yjr+z"-zk =Axi* + Ayj A + Azk”

¢ Velocity:
o Average velocity, ve=Ar—At
o Instantaneous velocity, v—=dr— dt=vxi®+vy j*+vzk"
Where, vx=dxdt, vy=dxdt, vz=dxdt
« Acceleration:
o Average acceleration, a—==v'=-v=At=Av—oAt
o Instantaneous acceleration, a—=dv—dt=axi*+ay j*+azk"

Where, ax=dvxdt, ay=dvydt, az=dvzdt

e Motion in a plane can be treated as two separate simultaneous one-dimensional motions
with constant acceleration along two perpendicular directions.

¢ Relative Velocity in Two Dimensions: If two objects A and B are moving with
velocities v—»A and v—B.

o velocity of object A relative to that of B is
v—AB=v—-A-v—B
o velocity of object B relative to that of A is
v—>BA=v-B-voA

¢ Ifthe man wants to protect himself from rain, then he should hold an umbrella at an
angle B=tan-1vmvr towards his motion with the vertical.
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The motion of a projectile may be thought of as the result of horizontal and vertical
components.

Vertical component comes under accelerated motion because of acceleration due to gravity
acting downwards but horizontal component is under uniform motion.

Both the components actindependently.

Equation of the path of a projectile:

y =xtan0 -12gu2 cos20x2

This is the equation of a parabola. Hence, the path of a projectile is a parabola.
Time of flight (T): Itis total time for which an object isin flight.

Total time of flight = Time of ascent + Time of descent

T = 2 usinBg

Maximum height: Maximum height h reached by the projectile,

h = u2sin262g

Horizontal Range: Itis the horizontal distance covered by the object between its point of
projection and the point of hitting the ground. It is denoted by R.

R=u2sin20g
Horizontal range is maximum if the angle of projection is 45°.

Angle of projection: It is the angle made by velocity of projection with the horizontal.

Angle of projection,

00 =tan-14HR
Cases :

When 6, = 45,
R=uZg

Rmax= 4Hmax
When 6, =90
H=u22g

R=0

Uniform Circular Motion:
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Direction of rotation

Speed = |Velocity| = v
2ar

Time period, T= ¥
v

Frequency, f= 27"
v

Angular velocity, w = #
Centripetal force, F = mv2r
"r’: 2
p—— O
Centripetal acceleration = ”
v

Angular velocity, w = *

Centripetal force is a real force that acts on a particle performing circular motion along the
radius of a circle. The force is directed towards the centre of the circle.

The magnitude of centripetal force is given by F = mv2r.

Centrifugal force is a pseudo force in uniform circular motion. It acts along the radius and is
directed away from the centre of the circle.

Magnitude of centrifugal force = Mass x Acceleration of the reference frame
FCF=mvw=mvZ2r=mrw?2



